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RIVER HYDRAULICS

EFFECT OF VERTICAL MOTION ON CURRENT METERS

By N. A. KALLI10

ABSTRACT

The effect of vertical motion on the performance of current meters at
various stream velocities was evaluated to determine whether accurate dis-
charge measurements ecan be made from a bobbing boat.

Three types of current meters—Ott, Price, and vane types—were tested
under conditions simulating a bobbing boat. A known frequency and amplitude
of vertical motion were imparted to the current meter, and the related effect on
the measured stream velocity was determined. One test of the Price moter was
made under actual conditions, using a boat and standard measuring gear.
The results of the test under actual conditions verified those obtained by
simulating the vertical movements of a boat.

The tests show that for stream velocities below 2.5 feet per se-ond the
accuracy of all three meters is significantly affected when the meters are
subjected to certain conditions of vertical motion that can occur during actual
field operations. Both the rate of vertical motion and the frequency of
vertical oscillation affect the registration of the meter.

The results of these tests, presented in the form of graphs and tables, can
be used as a guide to determine whether wind and stream flow are vrithin an
acceptable range for a reliable discharge measurement from a boat.

INTRODUCTION

Streamflow is usually measured by observing the depth and
velocity at selected verticals in a cross section of a stream. The
velocity is measured with a current meter attached to a rod or
suspended on a cable from a bridge, cableway, or boat.

The accuracy of a steamflow measurement depends on the
performance of the current meter, as well as on the number of
observations of depth and velocity that are made in a given cross
section. The performance of the common types of current meters
has been thoroughly tested in various towing tanks, and Townsend

Bl
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B2 RIVER HYDRAULICS

and Blust (1960, p. 14) showed that comparative mreasurements
of discharge with Price, Ott, and Neyrpic current meters in a
turbulent stream agree within 0.2 percent of the mean. Similar
comparisons of the performance of the Price and Ott meters for
19 pairs of discharge measurements of the Mississippi River at
Vicksburg by Carter and Anderson (1963, p. 108) showed a mean
difference of 0.15 percent and a maximum difference of 2.76 per-
cent. These tests and comparisons attest to the accuracy and
reliability of discharge measurements made with current meters
suspended from a stationary structure; however, the performance
of current meters subjected to vertical motion, as where suspended
from a bobbing boat, has not been thoroughly investigated.

The effect of vertical motion on velocity registrstion by the
Price current meter, and thus on the accuracy of discharge meas-
urements made from a boat on a windy day, has often been a
subject of conjecture. Hydrographers have observed that the
Price meter responds positively (same direction as if recording
stream velocity) if moved vertically in still water, rogardless of
the direction, frequency, or rate of vertical movement.

C. J. Chappell (written commun., 1959) stated that several tests
were conducted by U.S. Geological Survey personnel in August
1939 to determine the effect of vertical motion on the F-ice current
meter. The tests were limited to a single stream velocity of 2.5
feet per second. The results of those tests indicated underregistra-
tion if the rate of vertical motion was less than 0.75 fps and in-
creasing overregistration if the rate of vertical moticn was more
than 0.75 fps. These results led to the conclusion that the rate of
vertical motion determines whether the Price meter overregisters
or underregisters, but this conclusion is not in agreement with the
observations mentioned previously—that the meter always re-
sponds in a positive direction regardless of the directior, frequency,
or rate of vertical movement in still water. One could assume,
therefore, that in flowing water, some element of oscilletory motion
must have a retarding effect on the registration of stream velocity
by the Price meter, though the more significant effect is toward
overregistration.

This report describes and presents the results of an investigation
of the effect of vertical oscillation (simulated movement of a bob-
bing boat) on the performance of the Price, vane-type, and Ott
current meters. The meters were tested within a raunge of fre-
quency and amplitude of vertical oscillation that might be expected
while measuring discharge from a boat. The effect of frequency
of oscillation, as well as the rate of vertical motion, was evaluated.

Tests were conducted mostly in the rating flume at the Bonne-
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EFFECT OF VERTICAL MOTION ON CURRENT METERS B7

were then compared. If a disagreement was evident, the subse-
quent registrations were adjusted by the amount of the difference.
Some disagreement in the registration of the two meters was noted
during a few of the tests and presumably caused either by differ-
ing stream velocity within the lateral distance between meters or
by calibration error. The test-meter registration was also adjusted
for any variation in stream velocity as recorded continuously by
the control meter during each series of tests.

TEST RESULTS FOR SIMULATED CONDITIONS

Figures 5, 6, and 7 show, in feet per second, the relation be-
tween the vertical motion (abscissa) and the stream velocity
(ordinate). The intercept on the ordinate axis (where the plotted
line for a given observed velocity intercepts the ordinate axis)
for each curve represents the true stream velocity, and the differ-
ence between the dashed horizontal line through the interc=pt and
any given point on the curve is the overregistration or under-
registration caused by the indicated rate of vertical motior. Each
test point, shown as a small dot, indicates the test-meter r-gistra-
tion during an interval of time (40-60 seconds) when the meter
was being moved up and down at a constant amplitude and cycle
period (frequency). The amplitude and cycle period are not identi-
fied on these graphs because of lack of space. Data ertracted
from these graphs, partly by interpolation, are shown in tabular
form in table 1. The curves and the table indicate that each of
the three meters tested is affected to some degree by vertical
motion.

PRICE METER

Figure 8 shows an expanded plot of typical tests of the Price
meter at a stream velocity of 1.4 fps. Each test point represents
a known cycle period and amplitude of vertical motion, as identified
by numbers and symbols, at a constant stream velocity. The
position of each test point on the plot indicates the effect of that
vertical motion on the registered stream velocity. Note that the
test points farthest on the negative side (less than control velocity
as registered by control meter) represent oscillations of relatively
small amplitude or high frequency, whereas those near control
velocity or on the positive side represent relatively large amplitude
or low frequency. This distribution of test points indicates that
the frequency of oscillation and the rate of vertical motion affect
the Price meter registration of stream velocity. Vertical movement
causes a positive effect (overregistration), whereas chenges in
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TABLE 1.—Registration errors, in percentage of stream velocity

RIVER HYDRAULICS

Vertical motion
(ft per sec)

Stream
velocity
(ft per sec) 0.2 0.4 0.6 0.8 1.0 1.2 1.5
Price current meter
[Suspended by a cable]
0.5 —2.0 |+10 +36 +72 +120 +150 +210
—1.0 | 410 +24 +40 +50 +56
I —67 | —67| —40| +13| 480 ) +25 | +27
—25| —25| —2.0 0 +4.0 | +14.0
0 0 0 0 + 8 +4.0
0 0 0 —2.3 —2.0 0
0 0 0 —1.3 —13 0
41 410} + .6 0 -2 0 + 8
. T — 4 0 + .1 — 4 — .7 — 4
1000 — b5 ] -3 0 0 — .3 — .7 —1.3
Vane-type current meter
[Suspended by a rod]
05 |+4.0 | 460 | +20 | 444 472 |4100 |+160
10 450 [+10 |+12 |4+10 +11 +15 +26
16 +33 | +87|+10 | +67| +33| +33| +10
+20 | +65| 4+90| +95| +85| +6.0| +175
420 | 44| +64| +76| +80 | +72| +64
80 17| +87| +53| +67| +73| +77| +67
40 +12) + 8| + 3| +10| +25| +38| +33
5.0 —-10]| —26| —28| —2.0 — 4 - 2 —2.0
T -l —-a| -3 0 0 + 3] — 4

Ott current meter

[Cosine rotor 8646-A, standard tailpiece without vertical stabilizer, and two-rin attachment to

cable hanger]

0.5
10
16.
2.0
2.5
80
4.0
5.0
S

o oo o0 oC

0|+10 |[420
+4.0

0

0 +1.3
0 + 5
0

0

+

0
+ .3
+1.0
+ .6
0 0 0

coocoo o

+
[=7]
++
= oo

+30
+9.0
+4.0
+2.0
+1.6
+1.0
+1.8
+1.0
+ 3

+-44

+15
+7.3
+4.5
+2.8
+2.3
+2.5
+1.4
+ .7

+70

+30

+17
+9.5
+6.4
+6.0
+3.8
+2.0
+14
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STREAM VELOCITY, IN FEET PER SECOND
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VERTICAL MOTION, iN FEET PER SECOND

FIGURE 5.—Effect of vertical motion on the Price current meter suspended
by a cable. The vertical intercept is the true stream velocity, and the
departure from the dashed line through the intercept is the error in
registration caused by the rate of vertical motion (abscissa). The true
stream velocity for the lowest curve is zero.
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FI1GURE 6.—Effect of vertical motion on the vane-type current meter sup-
ported by a rod. The true stream velocity for the lowest eurve is zero.

vertical direction cause a negative effect (underregistration). The
negative effect varies directly with the frequency of changes in
direction and probably has a retarding effect whenever the meter
is oscillated up and down in flowing water, but it is the dominant
factor only at small amplitude in stream velocities letween 0.5
and 2.4 fps.

Because of the horizontal fins on the sounding weight and the
tailpiece of the current meter, the cable-suspended meter and
sounding weight are poorly balanced hydrodynamically when
moved vertically and they, therefore, tend to pivot about their
hanger pins when moved up and down. Some freedom for pivoting
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F1GURE 7.—Effect of vertical motion on the Ott current meter suspended by
a cable and equipped with rotor 8646—A and a standard tailpiece without
stabilizer. The true stream velocity for the lowest curve is zero.

is provided in the hanger-bar attachment of both the meter and
the weight, but during higher rates of vertical oscillation, the
limits of that freedom are exceeded. As a result, the hanger bar
begins to tilt forward on downward movement of the weight and
meter and backward on upward movement. The combined pivoting
and tilting tends to head the meter in the direction of vertical
motion.

In an effort to evaluate the effect of pivoting and tilting on the
registration of the Price meter, several tests were conducted with
the meter attached to a rod. Figure 9 shows the results of these
tests. Comparison with test results for cable suspension (fig. 5)
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VERTICAL MOTION, IN FEET PER SECOND

FIGURE 8.—Expanded test plot for Price current meter in a stream velocity
of 1.40 feet per second. The symbols show the various ampl‘tudes in feet,
of simulated wave motion for which the meter was tested. The numbers
indicate cycle periods in seconds. Curve drawn through the points repre-
sents the average deviation from true velocity for various combinations of
amplitude and cycle period.

indicates that the pivoting and tilting of the cable-suspended meter
increase the registration at most of the stream velo-ities tested.

VANE.TYPE METER

The vane-type meter is used mostly for measuring streamflow
under ice cover and in open water where slush ice is flowing.
Figure 6 shows that the rod-suspended meter overregisters signifi-
cantly from 0 to 4 fps and underregisters at 5 fps stream velocity
if subjected to vertical motion. Meter-calibration tests at 5 fps
stream velocity indicated some rating instability, which may
account for part of the underregistration at this velocity.

The meter (meter B, fig. 8) was also tested while suspended by
a cable. Figure 10 shows that the effect of vertical mntion is very
similar to the effect on the rod-supported meter except that the
cable-suspended meter underregistered at 0.5 fps stream velocity
if the vertical motion was between 0 and 0.6 fps. The pivoting
and tilting observed during the tests of the Price meoter also oc-
curred during these tests, but comparison of figures € and 10 does
not indicate any overregistration from that cause.
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FI1GURE 9.—Effect of vertical motion on the Price current meter supported

by a rod. The true stream velocity for the lowest curve is zerc.
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F1cUre 10.—Effect of vertical motion on the vane-type currert meter sus-
pended by a cable. The true stream velocity for the lowest curve is zero.

OTT METER

Figure 7 shows that the Ott meter overregisters if subjected to
vertical motion but to a lesser extent than the Price or vane-type
meters. The cosine property of the rotor (8646—A) used in these
tests has been tested, with favorable results, in the Bureau of
Standard’s rating flume. Vertical motion tests, ther<fore, were
expected to show no overregistration at rates of ver*ical motion
less than stream velocity (resultant angle of flow lers than 45°
from meter axis) because it was assumed that the cosine property
would cancel any tendency of the meter to overrevister. The
curves shown in figure 7 tend to verify that assumption up to a
stream velocity of about 1.0 fps. At higher stream velocities, how-
ever, the meter begins to overregister at less than a 45° angle
of flow,

Because the Ott meter has such a long tailpiece, it is even less
well balanced hydrodynamically than the Price meter in vertical
movement; consequently, it tilts more if moved up and down.
The two-pin attachment fixes the meter rigidly to the hanger bar
and eliminates the possibility of pivoting, but, as explained for the
Price meter, the hanger bar tilts forward and backward during
higher rates of vertical oscillation. The Ott meter was tested
mostly without the stabilizer fin because the fin would cause the
meter to tilt even more. Because a hydrographer has the option of
removing the fin, it probably would not be used when measuring
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by measuring its vertical movement (twice the average distance
from lowest to highest positions) with a sounding or anchor line
and then multiplying by the number of cycles (fretuency) per
second. During the boat test performed for this study, the fre-
quency of vertical motion remained relatively constant; only the
amplitude varied.

In stream velocities above 2.5 fps, the effect of vertical motion
on the Price meter becomes insignificant within the range of
vertical motion tested in this study. The underregistration of the
Price meter at low rates of vertical motion is caused by relatively
high frequency of vertical oscillation rather than the rate of
vertical motion. Measurement of velocities from a small boat in
choppy water may result in underregistration in the velocity
range from 0.5 to 2.4 fps.

The vane-type meter overregisters significantly in steram veloci-
ties up to 4 fps if subjected to vertical motion. Underregistration
at 5 fps may have been caused partly by rating instability, which
is suggested by a variation in several calibration checks made at
this stream velocity.

The results shown for the Ott meter in figures 7, 11, end 12 and in
table 1 apply only to rotor type 8646—A. The rotor overregisters
significantly in stream velocities up to 4 fps if the rates of vertical
motion exceed 0.8 fps. At stream velocities of 1.0 fps and less,
however, it overregisters at lower rates of vertical motion. Where
the meter is used with other types of rotors, the effect of vertical
motion, as shown by the test results for rotor 8406-1 (fig. 14), is
likely to be different. The variation in the effect on rotors of
different design indicates that a rotor could be des’gned which
would not be affected by vertical motion.
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